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The thesis entitled "Synthesis, Ion Exchange Behaviour 
and some Novel Applications of Inorganic Materials" comprises 
of four chapters. The first chapter is 'Introduction' which 
gives a detailed account of the historical hackground of the 
ion exchange technology and its recent advances. A critical 
review of the studies on synthetic inorganic ion exchangers 
has also been given based on the literature survey, which 
reveals some of the novel applications of these materials. 
Chapter-II is on 'Synthesis,Ion Exchange Behaviour, 
Characterization and Analytical Applications of Ghromium(lII) 
Arsenosilicate Cation Exchanger'. It summarizes the synthesis 
and ion exchange behaviour of chromium(lll) arsenosilicate 
which was obtained by mixing the 0.1 molar solutions of 
chroraium(lll) nitrate, disodium hydrogen arsenate and sodium 
metasilicate in the volume ratio 2:1:1 (Table-1). The pH of 
the resulting gel was fixed in the range 0-2 by adding nitric 
acid with constant stirring. The gel thus obtained was kept 
o 
for 2h hours at room temperature (30 C) and filtered by suction. 
The excess acid was removed by washing with DM\if till the pH of 
o 
the washing was ^--^  6 before drying in an oven at 40 C , The dried 
gel was then put in DWI to obtain granules of uniform size 
suitable for column operations. "^  They were converted into the 
H fonn by treating with IM HNO« for 24 hours with occasional 
shaking. The material obtained was finally washed to pH 6 
and then dried at 45 C The Na -ion exchange capacity of this 
material was found to be 0.74 meq/dry gram. It shows good 
thermal and chemical staTii l i ty (Tables-2 & 3 ) , Various 
instrumental s tudies such as pH- t i t r a t i on , inf ra- red spec t ro-
photometry, thermogravimetric analys is and x-ray di f f ract ion 
have also "been car r ied out to charac ter ize the material^ The 
most important aspect of an ion exchange material i s the study 
of i t s ana ly t ica l app l ica t ions . ( Chromium ( i l l ) a r senos i l i ca te 
prepared in these studies has been applied to a number of 
separations such as , F e ( l l l ) from Mg(l l ) , B a ( l l ) , C a ( l l ) , 
S r ( l l ) , C u ( l l ) , AI( I I I ) and Mg(ll) fromMn(ll) andZn(l l ) .^^ 
Table-4 summarizes the sa l i en t features of these separa t ions . 
Chapter-I l l deals with the 'Synthesis^Ion Exchange 
Behaviour, Character izat ion and Analyt ical Applications of 
Zirconium(lV) Tin(lV) Phosphate Cation Exchanger'. This 
chapter summarizes \the synthesis and ion exchange behaviour of 
zirconium(IV) t i n ( i v ) phosphate which was obtained by mixing 
0.05 molar solut ions of zirconyl oxychloride, trisodium 
orthophosphate and stannic chlor ide in volume r a t i o 1:1:3 
(Table-5). The other conditions regarding the synthesis are 
the same as discussed in c h a p t e r - I I . The Na -ion exchange 
capacity of t h i s material i s 1.8 meq/gram. I t shows a higher 
ion exchange capacity and e la t ion behaviour as compared t o the 
mater ia ls of t h i s c l a s s . I t also shows a higher chemical 
s t a b i l i t y and thermal s t a b i l i t y and reproducib i l i ty in proper-
t i e s (Tables-6 & 7 ) , The charac te r iza t ion of the material was 
done by various instrumental s tudies such as pH- t t t r a t i on , 
inf ra- red spectrophotometry, thermogravimetric analysis and 
x-ray diffraction etc. The irradiation study indicates that 
the material is highly resistant to radiations. Distribution 
studies of the naterial in different solvent systems give 
some significant results. On this "basis a number of binary 
and ternary separations of metal ions have been achieved on 
its column (Table-8), The material was also applied to the 
analysis of standard rock-samples (Table-9). 
The chapter-IV entitled 'Inorganic Ion Exchangers as 
Adsorbents in the Planar Chromatography of Metal Ions' is 
subdivided into two parts as follows: 
Section-A deals with 'Thin Layer and Paper Chromato-
graphy of Metal Ions using Nicotine as a Developer at different 
pH Values'. In this section of chapter-IV an attempt has been 
made to demonstrate the novel applications of Cr{lll) arseno-
silicote discussed in chapter-II and some other materials 
namely Sn(lV) arsenosilicate (TAS) and Sb(v) arsenophosphate 
(AAP) by thin layer and paper chromatographic techniques using 
nicotine as a developer. As a result some important separations 
have been successfully achieved (Table-lO). 
Peak paper chromatography based on the use of papers 
impregnated with sparingly soluble compounds is a new approach 
in this direction. In order to explore the possibility of 
using inorgnnic ion exchangers, this part (Section-B) of the 
chapter-IV deals with the 'Peak Paper Chromatography of Metal 
Ions'. This section summarizes the peak paper chromatographic 
s t u d i e s fo r t h e de te rmina t ion of N i ( l l ) and C o ( l l ) ions on 
papers impregnated w i t h C r ( l l l ) a r s e n o s i l i c a t e and Sn( iv ) 
a r s e n o s i l i c a t e c a t i o n exchange r s . 
The impregnated papers fo r t h e s t u d i e s were p repa red 
by dipping t h e paper s t r i p s (20 x 2.5 cm) fo r 30 seconds i n 
aqueous s o l u t i o n s of s t a n n i c c h l o r i d e o r chromium(lI l ) n i t r a t e 
of d i f f e r e n t c o n c e n t r a t i o n s ( 1 ^ , 2 ^ , 3 ^ ) . A f t e r 2 minutes of 
drying in a i r the s t r i p s were dipped in aqueous s o l u t i o n s of 
disodium hydrogen a r s e n a t e and then in aqueous s o l u t i o n s of 
sodium m e t a s i l i c a t e of t h e s i m i l a r c o n c e n t r a t i o n s for 30 seconds 
each be fore washing w i t h wa te r and drying in a i r f i n a l l y . This 
t r ea tmen t g ives t h e impregnated paper s t r i p s of the two ino rgan ic 
ion exchangers i . e . s t a n n i c a r s e n o s i l i c a t e and chromium(l l l ) 
a r s e n o s i l i c a t e , which are des igna ted as SAS-1, SAS-2, SAS-3, 
CAS-1, CAS-2, CAS-3 corresponding t o the t h r e e d i f f e r e n t 
c o n c e n t r a t i o n s of t h e mixing s o l u t i o n s . The amount of t h e 
ion exchanger depos i t ed on the paper s t r i p s i s given below: 








Quantitation was made "by applying the formula 
K (a •*• us) h = — ' — ^ U . . . (1) 
Peak heights obtained for Ni(ll) and Co(ll) were found to he 
directly proportional to the amount of the metal ions loaded (a), 
the amount of the ion exchanger deposited on the paper (U), and 
the area of the spot formed at the deposition of the metal ions 
(s),' The proportionately constant (K) was calculated by applying 
the equation (l). Nearly constant values of K (Tables-11 & 12) 
justify the validity of the results in the metal ion concentration 
range 0.1 l.OM. 
These studies suggest a very simple, less expensive and 
non instrumental method for the determination of Ni(ll) and 
Co(ll) in trace amounts in polluted water. 
TABLE-1 
SYNTHESIS OF VARIOUS SAMPLES OF CHROMIUM(ill) ARSSKOSILICATS 
AS A CATION EXCHANGER 
1 r 1 
Sample Concen t ra t ion of n ix ing Mixing r a t i o Na - i o n 
No, s o l u t i o n s (M) exchange 
1 1 capac i ty 
Or As Si -CrtAstSi (meq dry g~ ) 
A-1 0 .05 0.05 0.05 
A-2 0 ,05 0.05 0.05 
A-3 0 . 1 0 .1 0 .1 
A-^ 0 . 1 0 , 1 0 .1 
A-5 0 . 1 0 . 1 0 .1 
1 :1 : l 
1 :1 :2 
2 : 1 : 1 
3 : 1 : 1 
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CHEMICAL STABILITY OF C r ( l l l ) AHS5N0SILICATE 
S o l v e n t Amount of c b r o r 3 i u n ( l I l ) a r s e n o s i l i c a t e 
(25 ml) d i s s o l v e d (mg) 
r 1 























. 1 M EgSO^ 
. 5 M HgSO,^ 
M H^SO^ 
. 1 M HCl 
. 5 M HCl 
M HCl 






1 M NaOII 
1 M KOII 
M NaNO, 
0 .00 
0 . 5 4 
0 .60 
1.00 




2 . 0 
0 . 1 1 
0 . 2 3 
0 . 5 0 
0 . 4 1 




0 . 0 
0 . 0 0 
0 . 5 9 
0 2 . 9 0 
0 6 . 0 0 
0 . 5 9 
4 . 0 0 
6 . 2 1 
0 . 4 7 
1 .94 
2 . 0 0 
0 . 0 9 
2 . 9 1 
5 . 2 0 
0 . 2 0 
0 . 4 7 
0 . 1 0 
0 . 2 1 
0 . 2 5 
0 . 0 
0 .00 
0 . 0 8 
0 .50 
1.60 
0 . 2 1 
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0 . 1 0 
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TABLE - 5 
SY^:THSSI5 OF VARIOUS SA:3'L::S OF ZIRCOMIUII(IV) TI : : ( IV) PHOSPILVT" 
AS A CATION EXHA-NGER 
! i ii 1 
4 -
Sample No. Concentration of Mixing Na -ion Nature 
nising solutions ratios exchange 
(M) capacity 
Zr Sn Po^ (neq/dr>- g) 
Z-1 0.1 0.1 0.1 1:1:1 0.24 White gel 
Z-2 0.05 0.05 0.05 1:1:2 l.CO White gel 
Z-3 0.1 0.1 0.1 1:2:1 0.22 Povder 
Z-h 0.05 0.05 0.05 1:1:5 l.SO Gel 
Z-5 0.1 0.1 0.1 1:1:4 1.50 Gel 
Z-6 0.1 0.1 0.1 4:1:2 0.6S Gel 
TABLE-.6 
EFFECT OF E^ZATIMG ON TIE ION EXPL\>:GIJ: CAPACITY A:TD AP?5ARA:-IC3 
0? ZinCONITOl(lV) TIN (IV) HiOSPI-IATS 
1 1 1 '——— 
Heating Na ion fa r e t e n t i o n Appearance 
tempera ture exchange i n ISC 
c a p a c i t y 
o 
( C) (meq/dry g) 
45 1.80 100 ¥ h i t e 
100 1.80 100 'i/liite 
200 1.80 100 Vliite 
300 1.55 86 ^fliite 
400 0.93 51.70 Dull white 
500 0.74 41 Light brown 
600 0.47 22 Brov/n 
800 0 .0 0 . 0 Darlc brown 
TAELS-y 
CinrnC.-.L STABILITY OF Z r ( l V ) TIN(IV) PHOSPIiATS 
Solution 
(25 El) 
Anount dissolved in ng 
1 1 
Zirconiun (Zr) Stannic (Sn) Phospliorous (?) 
1 M E-JO^ 
2 M E>TO^  
3 M E'JO^ 
Ji M E : \ 0 ^ 
1 M EgSO^ 
2 H H^SOjj^  
3 H H^SO^ 
ti M HgSO^ 
1 M EC 10^ 
3 M n c i o ^ 
h 11 n c i o , 
1 M CH COOH 
3 M CH COOH 
k M CH-rCOOH 
0 . 0 
0 . 0 
0 . 0 
0 .02 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 3 
0 . 1 9 
0 . 0 
0 .0 

















































S o l u t i o n 
(25 Ell) 
Amount d i s s o l v e d i n mg 
1 1 
Zirconiun (Zr) S t ann i c (Sn) Pliosphoroas (p) 
1 M E l l 
2 M H : I 
3 M HCl 
4 M ECl 
0 . 1 U NaOIi 
1 M NaOH 
icro-
0 . 1 M KOH 
0 . 1 M NIIj^ OH 
0 . 0 





0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 .11 
0 . 3 ^ 
0.60 
2.30 
0 . 0 
0.50 
0 . 0 
0 . 0 
0 . 0 
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SOME SEPARATIONS OF METAL IONS ACEISVBD ON THIN-LAYERS 
OF TAS AND CAS 







Fe^ "^  (0.00) ~ Ni^ "*" (O.SO) 
Cu^ **' (0.00) — Zn^ "*" (0.85) 




2 Fe^ "^  (0.00) — Eg^ "*" (O.SO) 
10 Ph^ "*" (O.OO) — Ni""*" (0.60) 
2 Ph^ "*" (O.OO) — Hg^ "^  (0.30) 
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INTRODUCTION 
Analytical Chemistry plays a significant role in 
chemical technology which is growing fastly these days. Actual 
use of a particular suhstance depends solely on its chemical 
analysis, heing done in various fields of science such as 
chemical, biochemical, physiological and engineering. Chemical 
analysis is used as an intrinsic tool in geology, oceanography, 
air and water pollution. It may be qualitative or quantitative. 
A qualitative analysis deals with the methods for determining 
the nature of the constituents of a substrate while in 
quantitative analysis one is concerned with the methods for 
determining in what proportion the constituents are present in 
a given species. The methods generally used in analytical 
chemistry are of two types - instrumental and non instrumental. 
The former methods are usually less time consuming as compared 
to the latter. However, from the accuracy point of view they 
may not be as good as the classical methods which form the basis 
of standardization of the instruments. Due to an enormous 
advancement in chemical technology in the last decade a clear 
border line can't be drawn between the two types of analytical 
methods. For example a simple gravimetry involves the use of a 
balance and all instrumental methods are based on the principles 
of Physics and Physical Chemistry. Thus, the difference between 
the instrumental and non instrumental methods is only in the 
complexity of the instrumentation involved and not a fundamental 
one. 
Chromatography i s a siiaple and v e r s a t i l e ana ly t i ca l 
technique applicable to the complicated prohlenis of ana ly t i ca l , 
"biological or i ndus t r i a l importance. Separation of sugars, 
aminoacids, r a re ear ths , metals of d i f ferent valence s t a t e s and 
radionucleides may he c i ted as most s t r ik ing exanples of i t s 
appl icat ions which can he performed in a very short t ime . The 
or ig ina tor of chrorcatography ivas a llussian botanist Michael 
Tswett ( l ) who in 1906 separated and i so l a t ed green and yellow 
chloroplast pigments hy column adsorption chromatography. The 
key features of Tswett 's technique were the applicat ion of the 
mixture as a narrm^ i n i t i a l zone and t h e development of the 
chromatogram hy the appl icat ion of a fresh so lvent . His method 
has, however, been modified in many ways r e su l t i ng in di f ferent 
types of chromatography based upon the type of equi l ibra t ion 
process involved. Various bases of equ i l ib ra t ion are adsorption, 
s o l u b i l i t y , ion exchange and pore pene t ra t ion . Table-1.1 
summarizes t h e different types of chromatography. 
In adsorption chromatography t h e s ta t ionary phase i s a 
sol id on which the sample components are adsorbed. The mobile 
phase may be a l i qu id ( l iqu id - so l id chromatography) or a gas 
(gas-solid chromatography). The components d i s t r i bu t e between 
the two phases through a combination of adsorption and desorption 
processes. Thin layer chromatogrnphy (TLC) i s a special type of 
adsorption chromatography in which the s ta t ionary phase i s a 
l iquid supported on an iner t s o l i d . Again, the mobile phase 
may be a l iquid ( l iqu id- l iqu id pa r t i t i on chromatography or a gas 
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a type of partition chromatography in which the stationary phase 
is a layer of water adsorbed on a sheet of paper. 
In molecular exclusion chromatography molecules are 
separated according to their size which forms the "basis of their 
ability to penetrate through the sieve like structure (the 
stationary phase). This technique is also called as gel 
filtration, gel permeation or simply as gel chromatography. 
In ion exchange chromatography we use an ion exchanger 
as the stationary phase and the mechanism of the separation is 
based on the ion exchange equilibria. 
The history and use of ion exchange chromatography (iSC) 
dates back more than a half century, during which time it had 
been used broadly in the separation of both small and large 
molecules. Since lEC can be carried out in near physiological 
conditions, it has been an important technique in the separation 
of sensitive biological macro-molecules, such as proteins, over 
the last three decades. With the advent of biotechnology the 
development of high performance media and systems for the analysis 
and purification of genetically engineered proteins by lEC has 
accelerated to the point that the recent advances in lEC are 
dominated by the life science applications. The recent 
developments in ion exchange chromatography have been the subjects 
of several reviews (2-5). Walton (2,6) reviewed the important 
developments and applications in ion exchange. Reviews on 
principles and applications of the technique in biomolecular 
separations have also begun to appear (7-9). 
Developments in ion exchangers In the past several years 
have come in the areas of support composition, stationary phase 
composition and the introduction of non porous sorhents. At the 
present time silica (10-12), alumina (I3) and agarose (14) 
polymethacrylate (15,16) and polystyrene divinyl benzene (I7) 
have all heen used as supports in ion exchange chromatography. 
The use of ion exchange packings for the separation of 
non ionic compounds such as the earlier cited examples of the 
separations of oligosascharides (18) and lipids (I9) on Ag(l) 
loaded cation resin represent an extreme in this phenomenon. 
In the early days of ion exchange chromatography, all 
packing materials were some types of substituted organic 
polymers. Unfortunately these materials had relatively poor 
mass transfer, were generally hydrophobic, had limited mechanical 
strength and were of small pore diameter. These problems were 
largely solved in the silica based matrices over the past 
10 years and there was a question about the viability of organic 
resins. In the past six years, multiple organic based ion 
exchange materials have been introduced that overcame most 
of the problems of the older organic ion exchange media. Some 
of them are the monobead materials (20), These materials are 
supplied in 10 urn particle size derivatized with either strong 
o 
cation or anion exchanging stationary phases. This 800 A pore-
diameter material showed high recovery of enzyme activity with 
many proteins, Kato et al. (21) described the use of the 
organic based TSK gel 5 ^^"^ series of Ion exchange materials for 
the separat ion of a va r i e ty of prote in columns avai lable in 
e i t h e r the strong cat ion exchanging sulphonyl propyl (sP) or 
weak cation exchanging diethylamino ethyl (DEAS) forms. 
An inorganic ion exchanger of cryptorner type hydrous 
manganese dioxide with a r a the r unusual s e l ec t i v i t y sequence 
for a l k a l i metals has heen described by Tsuji (22). Ca( l l ) and 
S r ( l l ) were eluted from t h i s exclianger with O.lN and IN HNO_ 
respec t ive ly , while K ( I ) and Rb(l) were eluted with concentrated 
HNO .^ 
Ion exchangers are regarded as the insoluble so l id or 
l iqu id mater ia ls which carry exchangeable cations or anions . 
Accordingly, they are ca l led cation or anion exchangers. The 
mater ials capable of both cation and anion exchange are ca l led 
amphoteric ion exchangers. Ion exchange is a process in which 
r eve r s ib l e s toichiometr ic interchange of ions of the same sign 
takes place between an e l e c t r o l y t e solut ion or molten s a l t and 
a so l id phase which can be represented by the following chemical 
equ i l i b r i a 
2 NaX + CaCl„ (aq . ) •-• ^ CaX^ * 2 NaCl (aq.) 
(for cation exchanger) 
2 XCl + Na^ SOj^  (aq.) ^ ( -^ g^ O^ ^ + 2 NaCl (aq.) 
(for anion exchanger) 
where X represents a structural unit of Ion exchanger and solid 
phases are underlined. 
Although the technique of ion exchange is of recent 
origin its history is very old. At the time of wanderings 
the people made drinkable, the undrinlcahle hitter water hy 
using pieces of wood (23). Aristotle (24) suggested a method 
for purifying sea water hy filtering it through a certain type 
of soil. The mechanism of ion exchange was first observed hy 
Thompson (25) an English agriculturist and enterpreneur in 1850. 
Thompson found that ammonium sulphate absorbed by soils could 
not be washed by water and that much of the absorbed aramoniun 
sulphate was converted to calcium sulphate. However, it was 
Way (26) who thoroughly explored the phenomenon and demonstrated 
the underlying mechanism to be one of ion exchange involving the 
complex silicates present in the soil. As visualized by Way the 
process observed by Thompson could be formulated 
Ca-Soil •»• NH^SO^ = NH^-Soil + CaSO^ 
It was later proved by Eichorm (2?) that the adsorption of ions 
from ground waters by clays constitutes a reversible reaction. 
The first attempt to employ ion exchange for commercial purposes 
was made by Harm (28) in 1896. 
The first synthetic Ion exchangers were inorganic 
materials, the synthetic zeolites or permutites developed by 
8 
Gans and other workers (29) for use in water softening process 
in which sodium is replaced "by calcium when hard water is 
percolated through a bed of the material. 
Some Analytical Scientists in 1930 used activated hrine, 
alumina and magnesia adsorbents as ion exchange materials. As 
in the beginning most investigations were carried out with clays 
and minerals. Among the minerals, zeolite attracted the 
scientists most (30,29). The synthetic zeolites were used later on 
to the problems of biochemical interest. However their use was 
limited in a narrow range of pH. They were dissolved in acid 
solutions and peptized in alkali solutions. Also it is very 
difficult to achieve quantitative elution. For this reason 
organic ion exchange resins were developed. In principle an 
organic cation exchanger consists of an insoluble substance to 
which acid groups are firmly attached. Exchangers of the 
sulphonic acid type may be used in acid as well as in alkaline 
solutions. Ion exchangers containing carboxylic groups, however, 
may be used only in alkaline or neutral media. 
Adam ond Holms (31) discovered that some synthetic high 
molecular weight organic polymers containing a large number of 
ionic functional groups could be employed as ion exchangers which 
ore known as ion exchange resins. Although this type of polymer 
makes an excellent ion exchange resin, styrene type products 
which were developed later have taken over the market (32-3^). 
The first cation exchanger capable of being regenerated with acid 
and operating at low pH was an organic type material prepared by 
sulphonating 'biluininous coal (35,36) , The s t ruc ture of a typica l 
ion exchange res in i s shown in f i g u r e - 1 . 1 . Resins based on 
polystyrene were f i r s t prepared by Ale l io (37) in 19^4 which 
possess high capacity, and excel lent r ep roduc ih i l i ty , Satnuelson 
(38) was the pioneer in the f ie ld of ana ly t ica l appl icat ions of 
synthet ic res in hased ion exchangers which have now hecoree one 
of the most important ana ly t i ca l t o o l s . At present they are 
extensively u t i l i z e d in medical and b io log ica l f i e lds a l so . 
Separation of rare earths (39), aminoacids (40), sugars (41) 
and opt ica l isomers (42) may he c i t ed as some of the most 
s t r i k ing examples of t h e i r wide range app l ica t ions . 
Based on the above, the various time spans may be 
recognized for the dif ferent stages of development of the 
Ion exchange technique as summarized below; 
Time span Developments made 
Upto 1850 The experimental observations and informations, 
I85O-I905 Discovery of the p r inc ip les of ion exchange 
and the f i r s t experiments in the technical 
u t i l i z a t i o n of the ion exchanger. 
I905-I935 Use of inorganic Ion exchanger and modification 
of na tura l organic ma te r i a l s . 
I955-I94O Rapid development of a r t i f i c i a l organic 
exchangers and complete elimination of inorganic 
ion exchanger from a l l appl ica t ions . 
1940 to date Continued developments of a r t i f i c i a l organic 
exchangers and a renaissance in inorganic lon-
oxchangers and t h e i r p rac t i ca l app l ica t ion . 
10 
e 
Marrix vviih f ixed chdr^jes 
Counte^r ions 
Co- ions 
Fig.M Structure o f en ion exchonge 
resin 
11 
Although organic r e s i n s have found wide appl icat ions 
in ana ly t i ca l cheiaistry because of t h e i r high s t a b i l i t y in the 
wide range of pH, and reproduc ib i l i ty in r e s u l t s , the main 
drawback has , hos/ever, been t h e i r u n s t a b i l i t y under the conditions 
of high rad ia t ion and at elevated temperatures . This was the 
reason why an in t e re s t in t h e synthesis and ion exchange proper-
t i e s of inorganic ion-exchange mater ia ls was revived. At present 
they have forned a well es tabl i shed c lass of ma te r i a l s . Figure-1.2 
indicates an ever increasing t rend toimrds researches in t h i s 
f i e ld from the time of i t s infancy. I t i s in te res t ing to 
consider t he growth in t he use of inorganic ion exchangers 
(part ly in a n a l y t i c a l chemistry) as r e f l ec ted by a review of 
works published from 1957 t o 1973. Such a review was carr ied out 
by Soviet authors (l976) using t h e reference Journal - Referat iv-
nyi Zhumal Khimiya. They analyzed two edi t ions of t h i s journal 
annually for the given per iod. 
A t o t a l of 34 selected edi t ions contained 4800 references 
dealing with sorption on inorganic ion exchangers (Oxides, 
hydroxides, s a l t s , z e o l i t e s , na tu ra l sorbents and act ive carbon). 
The publicat ions dealing with the sorption on inorganic 
ion exchangers generally were p r ac t i c a l l y constant throughout 
the yea r s : from 1957 to 1965 the number of references decreased. 
After 1965 t h e increase in the t o t a l number was p rac t i ca l ly 
l i n e a r (about 9000 works annvially). I t can be estimated tha t the 
journal published a t o t a l of about 130,000 references dealing 
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Fig.l-2 Research pnigrcss in the field ol inorganic ion exchangers from ihe 
lime ol its infancy. 
13 
Most of these works dealt with the technological and 
laboratory applications of sorbents (k^fo in 1957 and 77^ from 
1961 to 1973). A smaller number of publications studied the 
sorption mechanism (37^ in 1957 and 20fo from I96I to 1973) and 
sorbent synthesis (18% in 1957 and 3% from 1961 to 1973). 
Figure-1.3 depicts the fractions of the publications 
dealing with concentration (curve-l), separation (curve-2) and 
analysis of substances utilizing sorption (curve-3) for the 
time period 1957 to 1972. Curve k gives the fraction of works 
utilizing inorganic ion exchangers in analytical practice alone. 
The curves in figure-1,4 give the fraction of the published 
works utilizing inorganic ion exchangers in gas chromatography 
(curve-l), thin layer chromatography (curve-2) and precipitation 
and coprecipitation method (curve-3) for the time period 1957 
to 1972. 
An ion exchange material has however to possess several 
additional qualities in order to be practically useful for the 
purpose. The most important of these may be summarized as 
follows: 
1. The material should be virtually Insoluble within a very 
wide range of pH, Furthermore, it should preferably be 
possible to use it either in strongly acid or in fairly 
strongly alkaline solutions as much media are often 
encotmtered in processing work. 
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16 
3» Sorption and elation must be so rapid that columns can be 
operated at reasonable flow rates. This means that the 
polymer network must be open enough to allow a sufficiently-
free diffusion of exchangeable ions i.e. the degree of cross 
linking must not be too high. 
4. The resistance to attrition must be so good that columns 
can be loaded and eluted many times without severe clogging 
or channelling, 
5. It must always be possible to prepare the ion exchanger so 
that minor changes in the method or materials used for 
preparation do not cause major changes in performance, 
6. The selectivity must be so high that a convenient separation 
between different ions, or atleast types of ions, can be 
affected by suitable variation of pH. 
7. If a separation is to be accomplished by variation of pE, 
another condition is obviously that the ions to be sorbed 
are able to compete successfully with the hydrogen ion for 
the functional groups within available range of pH, 
A large number of inorganic materials exhibiting ion 
exchange properties have so far been produced and important 
advances in this field have excellently been reviewed by a 
number of workers like Veseley and Pekarek (^3,44). Alberti 
and Constantino (45) and H.F.Valton (k6-hS), Table 1.2 
summarizes the various ion exchangers which have been studied 
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Inorganic ion exchangers may conveniently "be divided 
into the following six principal groups: 
(1) Insoluble acid salts of polyvalent metals, 
(2) Hydrous oxides of polyvalent metals. 
(3) Salts of heteropolyacids. 
(4) Insoluble hexacyanoferrates(ll). 
(5) Synthetic aluminosilicates. 
(6) Miscellaneous inorganic exchangers, e.g., mercarbide salts 
and potassium polyphosphates. 
Although the materials in all the above categories find 
important applications and are well known ion exchangers, our 
main emphasis will be on the first category as the materials 
produced in these studies belong to it. 
The insoluble acid salts of polyvalent metals were 
initially obtained as gels with no definite composition and not 
very stable towards hydrolysis of their acid groups. Some of 
them particularly the amorphous zirconium phosphate exhibited 
a high selectivity for some important cations such as Cs(l) and 
UOoCn). Amphlett (266) has reviewed the ion exchange properties 
of amorphous inorganic exchangers in 196^, New researches in 
this field have now led to the synthesis of several exchangers 
having a fixed composition and a well defined crystalline 
structure (267-279). These crystalline inorganic exchangers 
can be divided into the following two sub groups: 
(a) Exchangers having a layered structure. 
(b) Exchangers having a fibrous structure. 
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A review by Clearfield et al, (280) gives an additional 
account of these ion exchange materials. Out of a large number 
of the substances of category (a) prepared so far zirconium 
phosphate has probably been the most extensively studied ion 
exchanger which has been prepared in various crystalline forms. 
A knowledge of various crystalline phases obtained in a given 
ion exchange process is very important, as it provides the 
opportunity of relating the observed ion exchange properties 
with the local structure. For the amorphous materials however 
the ion exchange mechanism can be interpreted froa other 
parameters such as variation in the interlayer distances and 
water content in a given process. A systematic investigation 
on the synthesis of insoluble crystalline acid salts of 
tetravalent metals has facilitated the preparation of several 
new crystalline ion exchangers other than zirconium phosphate. 
Cerium(lV) phosphate (270) and thorium(iv) phosphate (281) 
are probably the only insoluble acid salts of tetravalent metals 
having fibrous structure. Fibrous inorganic ion exchangers are 
very interesting because they can be used in the preparation of 
inorganic ion exchange papers or thin layers suitable for 
chromatographic separations. They can also be utilized to prepare 
ion exchange membranes without a binder. Fibrous cerium(iv) 
phosphate shows, at low loading, a maximum uptake for Cs(l) 
among the alkali metals and for Ba(ll) among the alkaline earths. 
On increasing the loading a reversal in the selectivity is 
observed. Support free fibrous cerium(iv) phosphate sheets have 
already been used for the chromatographic separation of inorganic 
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Ions (282) has "been found to be selective towards Fb(ll), 
Ag(l) and Co (II). 
The insoluble acid salts of tetravalent metals have also 
been employed for preparing inorganic ion exchange membranes, 
which are interesting from both fundamental and practical points 
of view. Owing to their high selectivity and stability these 
membranes have applications as selective electrodes where organic 
membranes fail. They can be successfully employed in fuel cells 
at high temperatures or in the concentration of wastes containing 
fission products. 
The main use of inorganic Ion exchangers is in the 
nuclear energy industry for the separation of selected nucleides 
from dissolved spent reactor fuels. However, various naturally 
occurring zeolites were effective, as catalysts for certain 
oxidative reactions. The first use of zeolite as a catalyst 
occurred in 1959. Jaeger (283) prepared a zeolite catalyst 
containing vanadium which was effective for the oxidation of 
sulfurdioxide to sulfurtrioxide. Various other catalyst were 
developed from aluminium silicate gels to which were added alkali 
metals and numerous other heavy metals (28^). Jaeger's zeolite 
catalysts containing non exchangeable nickel, copper, or 
manganese were effective for several reduction reactions 
including atsnonia synthesis (285), reduction of nitrobenzene 
to aniline and pyridine to piperidine (283), and the hydrogenation 
of napthalene, acetylene and linseed oil (286). 
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ProbalDly the largest consumer of ion exchange materials 
for use as catalyst is the petroleum refining industry in their 
cracking and refining process. The question of the site of 
reactivity in these catalysts has not heen resolved completely, 
Thomas (28?) studied the structural relationships of alumino-
silicate zeolite and suggested that the active site is located 
in the acidic hydrogen of the gel (HAlSiO.). Maximum acidity 
and maximum catalytic activity is correlated with an aluminium 
to silicon ratio of unity. According to Thomas the cracking 
of olefinic hydrocarhons may he explained hy the following 
reactions 
c c c c 
I I i ! -
C-C-C-C=C + HA ^ C-C-C-C-C + A . . . (l) 
1 ' ^ 
c c 
Followed by 
c c c c 
c_c-c-c-c ^ c-c • c=c-c . . . (2) 
1 * I 
c c 
and 
c c c c c c 
^ I U I I I 
C-C-C-C=C + c-c ^ C-C-C-C-C + C=C-C . . . (3) 
I I ( * 
C C C 
steps 2 and 3 represent a chair mechanism which may he terminated 
hy a catalyst regeneration step 
C C 
C-C + A • T^  C=C-C + HA . . . (4) 
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These mechanisms may he applied to other reactions such 
as alkylation of aromatic hydrocarhons, the isomerization of 
olafinic hydrocarbons and various hydrogen transfer reactions. 
Ample support of the relationship between exchange site 
and catalytic activity has been reported by Grems felder (288) 
and Grenall (289) using a montmorillonite clay cracking catalyst. 
Connolly (290) used acidic leached zeolites as cracking catalysts 
and Bates (291) described the preparation of acidic silica gel by 
treating the gel with ammonia to remove all metallic cations 
prior to ignition. Bodkin (292) made a similar catalyst but 
increased activity by addition of aluminium, zirconium, thorium 
and berryllium. 
The use of various novel inorganic exchangers still 
commands attention but few have been commercialized especially 
in HPLC. Among those described are titanium dioxides (293), 
titanium phosphates (29^), titanium tungstophospliate (295), 
tantalum selenite (15^), iron antimonate (296), stannic vanado-
arsenate (297), hydrated stannic oxide (298) and collidinium 
molybdoarsenate (299). Using stannic silicate sorbed on silica 
gel, Rawat (3OO) was able to separate a number of metal ions by 
chelations. 
Inorganic exchangers were apnlied to the following 
separations: thorium tungstate layers for metal ions (30I), 
amuioniun molybdophosphate and tungstophosphate layers for 
aromatic aminos (302) and aminoacids (303). Zirconium oxide 
kO 
paper for alkaloids (30^) hydrated stannic oxide layers for 
Cr(Vl) from ores and alloys (305) and pyridinium tungstoarsenate 
impregnated papers for metal ions (306) and aminoacids (30?). 
Although a large number of inorganic ion-exchange 
materials have "been reported in literature, their main drawback 
has been a poor reproducibility and chemical stability. Also 
sometimes they lose their ion exchange capacity appreciably on 
heating. From this point of view investigations on synthetic 
inorganic ion exchangers are still useful and necessary. 
Phosphates, arsenates, and silicates are, in general, more 
stable both chemically and thermally. Since double salts 
usually show a promising ion exchange behaviour, they have 
received much attention recently. As a result several double 
salts have been prepared. Zirconium phosphosilicate (3O8-3IO) 
being probably the first of its kind. It was successfully used 
for the Plutonium isolation. Titanium phosphosilicate (175) 
was also used for the separation of radio nucleides. Sn(l'V) 
arsenophosphate (311,96) has been prepared in these laboratories 
which shows enhanced ion exchange capacity. 
The present work was undertaken to synthesize some new 
and novel materials which may act as Inorganic ion exchangers 
and may be important in separation science. As a result chromium 
arsenosilicate and zirconium(lV) tin(iv) phosphate have been 
prepared which have shovii promising ion exch'ange characteristics. 
Their Ion exchange behaviour has been studied in detail and 
their utility in metal separations of industrial and analytical 
k± 
importance has also "been explored successfully by achieving a 
large numher of metal separations. The materials have also been 
utilized for the separation of metal ions using planar chromato-
graphic technique. The most striking feature of these studies 
has been the utility of inorganic ion exchangers in Peak Paper 
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INTRODUCTION 
Inorganic materials possessing ion exchange properties 
have recently been utilized in some novel applications such as 
In the analysis of rocks, minerals and pharmaceuticals (1-5), 
Out of the various types of such materials the Ion exchangers 
of double salt type are found generally most stable both 
chemically and thermally than the single salts. 
Silicates are known to form one of the important classes 
of such materials as they are temperature resistant and stable 
under chemical attack (6,7). Silicates of Zr(lV), Ti(lV) and 
Sn(lV) have shown good ion exchange properties and have been 
found useful in separation field (S-IO). 
Zirconium phosphoslllcate (ll) is perhaps the first of 
its kind which has been used for plutonium Isolation. Similarly 
titanium phosphoslllcate (12) has been found useful for the 
separation of radlonucleides. Thus, these Ion exchangers have 
established ivell their superiority over other materials of this 
class. 
Inorganic ion exchangers based on zirconium, titanium, 
antimony and hafnium etc, have major disadvantage in that they 
are expensive compared to the ion exchange materials based on 
other metals like iron, nickel and chromium etc. Chromium(III) 
and iron (III) salts should, therefore, be preferred if they give 
satisfactory ion exchange properties. Ferric phosphate, iron 
antimonosilicate, nickel alumlnosilicate and chromium(lIl) 
C H A P T E R - I I 
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arsenophosphate prepared earlier have shov/n promising ion exchange 
behaviour (13-16). In order to have some more similar salts the 
following pages summarize the synthesis, surface characterization 
and ion exchange behaviour of chromiun(lll) arsenosilicate, a 
new inorganic ion exchanger. Its utility in separation science 
has also been explored. 
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EXPSRII-I3NTAL 
A. Reagents and chemicals 
ChroraiuH(lIl) n i t r a t e (Cr{N0^)^,9n_0) and sodium neta-
s i l i c a t e (Ma SiO„,5II O) used in these s tudies were from BDH 
<i ^ W 
(Poole, UJC.) while disodium hydrogen arsenate (Nar,a\s0^.7IIr,0) 
was of Analar grade (98.5-995^) Cotained from Merck (Darustadt, 
F .R.G.) . Other reagents and cheraicals were also of high puri ty 
grade. 
B . Ins t runenta t ion 
Instruments used for the various studies are given in 
the Tahle-2,1. 
C. Preparation of the reagent solutions 
Stock solutions (1.0 M) of chrouiiuiii(lll) nitrate, disodium 
hydrogen arsenate and sodium meta-silicate were prepared in 
demineralized water (iXiV). Further dilutions of the desired 
concentrations wore also made with DM^ f. 
D. Synthesis of the ion exchange material 
A number of samples of chronium(lll) arsenosilicate were 
prepared hy mixing the solutions of chronium(lll) nitrate, 
disodium hydrogen arsenate and sodium meta-silicate in different 
volume and concentration ratios as given in Tal)le-2.2, The pH 
of the resulting gel was fixed in the range 0-2 by adding nitric 
acid with constant stii'ring. The gel thus obtained was kept for 
o 
2'i hours nt room tcrapcraturo (--^30 C) and filtered hy suction. 
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TABLE-2.1 
E^STRUMBNTS USED FOR THE VARIOUS STUDIES 
S t u d i e s made I n s t r u m e n t u s e d and i t s model 
pH measu remen t s 
I n f r a r e d s p e c t r o s c o p y 
Atomic a b s o r p t i o n 
s p e c t r o s c o p y 
X- ray d i f f r a c t i o n 
Thermograviraet iry 
pH m e t e r , Model L I - 1 0 E l i c o ( I n d i a ) 
Beckman i n - 2 0 s p e c t r o m e t e r 
Pye Unicam Model Sp-2900 
P h i l i p s X- r ay d i f f r a c t i o n u n i t w i t h 
a Mo-Koc t a r g e t 
P e r k i n - E l m e r TGS-1 
* 0 - 1 _1 
H e a t i n g r a t e , 8 C rain ; c h a r t s p e e d , 20 cm h ; h o l d e r , p l a t i n u m ; 
s e n s i t i v i t y , 100 ^ V ; a t m o s p h e r e , s t a t i c a i r , r e f e r e n c e , a l u m i n a ; 
i n i t i a l w e i g h t o f t h e s a m p l e , 1 4 . 0 mg; w e i g h t of t h e r e s i d u e , 
9 . 9 mg. 
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TABLE-2.2 
STMTHESIS OF VARIOUS SAMPLES OF CHROMIUM(ill) AHSENOSILICATE 
AS A CATION EXCHANG3R 
1 1 1 
Sample Concen t ra t ion of mixing Mixing r a t i o Na - i o n 
No. s o l u t i o n s (M) exchange 
, 1" c a p a c i t y 
Cr As Si Cr :As:Si (meq drj* g" 
A-1 0.05 0.05 0.05 1 : 1 : 1 0.24 
A-2 0.05 0.05 0.05 1 : 1 : 2 O.30 
A-3 0 .1 0 .1 0 .1 2 : 1 : 1 0.74 
A-4 0 .1 0 . 1 0.1 3 : 1 : 1 O./il 
A-5 0 .1 0 . 1 0 .1 3 : 2 : 2 0.36 
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The excess acid was removed by washing wi1±i D>W till the pH of 
o 
the washings was'--N 6 before drying in an oven at 40 C, The 
dried gel was then put in DtH/ to obtain granules of uniform size 
suitable for colunn operations. They wore converted into the H -
form by treating with 1 M EvO- for 2'i hours with occasional 
shaking, intermittently replacing the supernatant liquid with 
fresh acid. The material obtained was finally washed to pHv-^ -^  6 
and then dried at 45 C. On the basis of its Na -ion exchange 
capacity, appearance and apparent stability in acids and bases, 
sanple A-3 was selected for all studies. The reproducibility 
was checked by preparing the samples several times following the 
sane procedure and determining the ion exchange capacity of the 
material ever^ ' time which varied negligibly (-<C2f;). 
E, Ion exchange capacity 
The ion exchange capacity (i,e,c,) was determined by 
column process. One gram of the exchanger (H -form) of uniform 
mesh size (50-100) was placed in a glass tube having an internal 
diameter v^l cm and fitted with glass wool at the bottom. The 
column length was approximately 1,5 cm, 250 ml of 1 M NaNO-
solution was passed through it maintaining a ver>' slow flow rate 
(~0,5 ml min ) and the effluent was titrated against a standard 
(0.1 M ) NaOII solution. The Na -ion exchange capacities of the 
various samples in terms of the milli-eqnivalont per dry gram 
are shomi in Tablc-2,2. The gel was also refluxod in the mother 
liquor for h8 hours in an attempt to obtain crystalline or 
semi-crystalline material. However, this treatment reduced the 
i,G,c» to almost zero. 
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F. Thermal Stability 
Several 1 g portions of the sanjple (A-3) were heated at 
various temperatures In a muffle furnace for one hour each and 
the i.e.c. was determined as ahove hy the column process after 
cooling them to room temperature. The results are shown in 
Table-2.3. 
G. Chemical Stability 
250 mg of the exchangers were placed in 25 ml each of 
the various mineral acids, bases, salt solutions and organic 
acids of different concentrations for 2^ hours with intermittent 
shaking. The supernatant liquid was analysed for the chromium, 
arsenic and silicon using the standard methods given below. The 
results are shown in the Table-2.4. 
(a) Determination of chromium; It was done hy Diphenyl 
Carbazide method (17). The reagent solution was prepared by 
dissolving 4 gms of phthalic anhydride and 0.25 gm of S-diphenyl 
carbazide in 100 ml of 95 percent ethanol. Adjust the acidity 
of the approximately neutral solution by adding 3,3 ml of 1:5 
sulfuric acid and transfer to a 100 ml. Volumetric flask one ml 
of this reagent solution was added to the sample solution 
(2 ml supernatant liquid diluted to 50 ml and made neutral 
with 8 percent sodium hydroxide), diluted to 100 ml with DMV 
and the absorbance was taken at 5^0 nm, 
(b) Determination of arsenic; It was done by the molybdenum 
blue method (18). The reagent solution was prepared by mixing 
10 ml of solution A (1 gm ammonium molybdate in 100 ml of 
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TABLE-2.3 
ION 2XEANGS CAPACITY AND APP5ARANCE OF CHROMIUM ( i l l ) 
ARSSNOSILICATB AFTSR HEATING TO VARIOUS 





Na -ion exchange 
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CHEMICAL STABILITY OF Cr(lll) ARSSNOSILICATE 
Solvent 
(25 rol) 
Amount of chroiiixun(lll) a r senos i l i ca te 
dissolved (mg) 
! 1 
Cr As Si 
0.5N HNO-
1 N HNO-
2 M HNO„ 
0 . 1 M EgSOj^ 
0 . 5 M H^SO^^ 
1 M HgSO^ 
0 . 1 M HCl 
0 . 5 M HCl 
1 M HCl 
0 . 5 M HCIO^ 
1 M HCIO^ 
2 M HCIO, 
1 H CH^COOH 
1 M HCOOn 
0 . 0 5 NaOH 
0 . 1 M NaOn 
0 . 1 M KOn 
1 M NaN0„ 
0 . 0 0 
0 . 3 4 
0 . 6 0 
1 .00 
0 . 4 0 
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5 N HgSO.) with 1 ml of solution B (0,15 gm of hydrazine 
sulphate in 100 ml DM/) and diluting the mixture to 100 ml. 
Fresh reagent solution was prepared every time. 10 ml of this 
reag'^ nt solution was added to the sample solution (2 ml) and the 
mixture was heated on a steam bath for 15 minutes. After cooling 
to the room temperature, it was transferred to a 25 ml volumetric 
flask and diluted to the mark with DMs/. The ahsorhance was taken 
at 8^ 0 mji. 
(c) Determination of silicon; 5 ml of the supernatant liquid 
was mixed v/ith 2.5 ml of 10^ ammonium molyhdate solution, diluted 
to 50 ml. After 5 minutes, 2.5 nil of the 5/'^  citric acid solution 
was added and the ahsorhance was taken immediately at 420 nji (19). 
H, Effect of eluant concentration on the ion exchange capacity 
250 ml portions of NaNO_ solutions of varj'-ing concentra-
tions (0.2, 0.5, 0.8, 1.0, 1.2 H ) were passed through several 
+ 
columns each containing one gram of the exchanger in the H -form 
with a flow ratevsO.5 ml win . The H ions thus elutcd out were 
titrated against a standard (O.l M ) NaOH solution. A maximum 
elution was ohserved with concentrations 1 M and ahove of NaNO-
solution as shown in Fieurc-2,1. 
•to"-
I, Elution "behaviour 
Tlie column containing one gram of tho mater ia l in the 
n^ fonn was eluted with 1 M NaNO, solution (250 ml) having a 
standard flow ra t e as above and 10 ml fract ions of tho effluent 
4-
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against a standard NaOH solution, Figure-2,2 shows a total 
release of the E ions in 250 ml of the effluent. 
J, Ion exchange capacity for different metal ions 
Ion exchange capacity of the material was also determined 
hy passing different metal ion solutions through the exchanger 
column in the H -form by the method described above. The results 
are shown in Table-2,5. 
K, pH titrations 
pH titrations performed by the batch process using the 
method of Topp and Pepper (20), 5OO mg portions of the exchanger 
in the H -form were placed in each of several 250 ml conical 
flasks, followed by equimolar solutions of alkali metal chlorides 
and their hydroxides in different volume ratios, the final volume 
being 50 ml, to keep the ionic strength constant (O.I5 M ) , The 
pH of the solution was recorded after 24 hours with interraittant 
shaking and plotted against the milli-equivalents of the 0H~ ions 
added. The results are shown in Figure-2,3. 
L. IR and X-ray studies 
The in spectra of chromium(ill) arsenosilicate in H -form 
taken by the KBr disc method at room temperature are shown in 
Figure-2.^. The X-ray diffractogram indicates the amorphous 
nature of the material. 
M. Thormogravimotric analysis 
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ION EiaSHANGE CAPACITY OF CHROMimi(lIl) ARSENOSILICATS 
FOR VARIOUS METAL SOLUTIONS 
i 
Meta l s o l u t i o n s I o n exchange c a p a c i t y 
(meq dry g ) 
L i C l 0 . 5 1 
NaJJO, 0 . 7 4 
KCl 0 .86 
Ca(N0^)2 0 . 3 2 
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Fig.2-5 TGA curve for chromium (III) arsenosilicate in H*-form. 
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in the sample on heating upto 780 C (TGA curve), while Figure-2.6 
illustrates the DTA and DTG curves for the same sample, 
N. Composition 
Chromium and arsenic were determined in the sample hy 
atomic ahsorption spectrophotometry. Silicon was determined hy 
gravimetry (21) as follows, 
250 mg of the powdered exchanger were fused with ^-o 4 gm 
of Na-CO^ in a platinum crucible and transferred into a 75 ml 
solution of 4 M HCl, The volume was reduced hy <—i 50fo hy 
evaporation. Then the solution was put in a desicator to cool 
and to avoid undue exposure to atmospheric contamination. The 
undissociated silica was filtered through a Whatman No. 41 paper 
and washed with 4 M HCl. The decomposed sample was heated to 
dryness to separate the silica as insoluhle SiOp.xHpO, The two 
washed precipitates containing all the silica present in the 
sample were ignited in a platinum crucihle to silicon dioxide 
and weighed. The average percentage of silica in the exchanger 
on the hasis of six determinations was 8,07. 
Based on the composition studies of the exchanger the 
Cr(lll), As(v) and Si(TV) were found to he in a molar ratio 4:5:3. 
0. Distrihution studios 
+ 
250 mg portions of the exchanger in the H -form were• 
o 
shaken at 30 + 2 C for 4 hours in 25 ml of the metal solution 
in different media, adjusting the initial metal ion concentration 
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Temperature ( C) 
F"g.2G DTA and DTG curves for chromium (III) arsenosilicate in H"^-form. 
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T3y less than yfo of the total capacity of the ion exchanger. The 
metal ions in the solutions hefore and after equilibrium were 
determined hy SDTA (22) and the distribution coefficients (K,) 
were determined using the formula: 
^d •* F • M 
where I i s the i n i t i a l volume of the EDTA used, F i s the f inal 
volume of the EDTA used, V i s the t o t a l volume of the solution 
(ml) and M i s the mass of the exchanger (g) . The K, values for 
12 metal ions in the different solvents used are summarized 
in Tables-2.6 and 2 . 7 . 
P , Separations achieved 
Several binary separations were t r i e d using a column 
of i . d . 0.6 cm containing 2 g of the 50-70 mesh size exchanger 
beads in H form. The column was washed thoroughly with DJW 
and the mixture to be separated was loaded on i t , maintaining 
a flow ra te ~' 2-3 drops/min. The solvent was selected on the 
bas i s of the K, values and the individual e lu t ion curves of the 
metal ions . Table-2.8 summarizes the important separations 
achieved on the columns of chromium(lll) a r senos i l i ca te with 
t h e i r s a l i en t features while Figures-2.7 and 2.8 show the 
elut ion curves. 
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Chroaium(lll) arsenosilicate prepared during these 
•i' - 1 
studies has a Na -ion exchange capacity-^ 0.75 raeq g which is 
less than the chrociiun](lIl) arsenophosphate prepared earlier (16) 
in these lahoratories. It may he due to the difference in the 
K„ values of silicic and phosphoric acids (25), Silicic acid 
cL 
being weaker (K^ = 1.3'10""^ ,^ K^ = 1.6-lO"^^, K^ = 2.0-iO'^^) 
than phosphoric acid (K^ = 7.6"10"^, K^ = 6.2-10"®, K„ = 4.2-iO'^^) 
+ 
should he less protogenic and its H -ion releasing capacity should 
he less, thus resulting in weaker acid sites in the exchanger. 
However, the presence of silicate enhances the stability of the 
material. This material is also chemically stahle in different 
acids and bases and hence the disadvantage of an inferior ion 
exchange capacity is somewhat compensated for. 
Composition studies indicate the mole ratio of Cr, As 
and Si in the material as 4:5i3 which points to the following 
structure: 
[2 Cr20-.2.5 As20e.5 SiOg.nHgO"! 
The TGA curve ( F i g u r e - 2 . 5 ) shows a sharp l o s s of weiglit 
o 
upto •—^  150 C which may he due t o the removal of e x t e r n a l water 
molecules from the exchanger. A 16f9 weight l o s s a t t h i s 
t empera tu re corresponds to approximate ly 6.5 n^O molecules per 
molecule of the exchanger on t h e b a s i s of t he b a s i c un i t of t he 
o 
m a t e r i a l as shown above. A f u r t h e r weight l o s s beyond I50 C 
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may "be due to t h e condensat ion p r o c e s s t ak ing p lace and seems 
t o be complete a t 550 C. This t empera tu re range (150-550 C) 
o 
also includes the existence range (2^) (435-450 C) of the oride 
of arsenic. ASgO- obtained from'ASgO-.^HgO at 193 C begins to 
o 
decompose (25) into As-O, at 246 C. A sharp eudothermic peak 
belo^ v 200 C in the DTA curve (Figure-2,6) confirms the removal 
of e:cternal water molecules and a broadened exothermic peak in 
o 
the range 225-450 C i s an i n d i c a t i o n of a slow decomposition 
p roces s : 
AS2O5 ^ AS2O3 + O2 
accompanied by t h e condensa t ion p r o c e s s involv ing the removal 
of t h e s t r o n g l y coord ina ted H^O molecules wi th in t h e framev;ork 
o 
of the exchanger. Beyond 550 C the exchanger remains simply in 
the oxide form which obviously does not show any ion exchange 
capacity (Table-2,5). A sharp decline in the Na -ion exchange 
capacity on heating the sample upto 200 C confirms the above 
propositions. 
The material appears to have a selective affinity for 
K ions among the alkali metals as it shows a maximum l.e.c, 
(0,S6) for this ion (Table-2,5). However, it does not bind Ca" 
2+ 
and Sr so strongly which appears to be its peculiar behaviour 
among the salts of this class which have earlier shown a better 
selectivity for alkaline earth metals. 
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The pH titration curves show an inflection at ^--s 0.5 
mmoles OH ions added for hoth KOH and NaOH, For LiOH, however, 
there are two Inflections, one at pH 6 and the other at about 8.2. 
At pH 6 the H ions released are less than the Li uptake compared 
to the Na and K uptakes. This also explains the discrepancies 
in the i.e.c. for various alkali metal ions studied. 
The IR spectrum for chromium(lll) arsenosilicate is given 
in Figure-2.4 which shows strong bands at 850, 1100, 1370, 1450, 
1600 and 3000 cm .. Metal oxygen stretching vibrations are 
indicated (26) by the band at 850 cm while those at 1100, I370 
and 1450 cm correspond to the arsenate and silicate groups in 
the structure (27). Those at 1600 and 3OOO cm are due to the 
presence of water of crystallization (28). The band at 3OOO cm" 
is also indicative of the strongly hydrogen bonded OH or 
extremely strongly coordinated H^O. 
The distribution studies (Tables-2.6,2,?) indicate 
significant adsoxTption for most of the 12 metal Ions studied in 
Nicotine and Pyridine systems. On the basis of this behaviour 
a number of binary separations such as, Fe(lll) from Mg(ll), 
Ca(ll), Ba(ll), Sr(ll), 00(1*1), Al(lll) in Nicotine Systems, 
and Mg(ll) from Mn(ll) and Zn(ll) in Pyridine Systems have been 
achieved on its column. 
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C H A P T E R - I I I 
SYM'HESIS, ION EICHANGB BEHAVIOUR, CHARACTSRIZATION 
AND ANALYTICAL APPLICATIONS OF 
ZIRCONIUM(IV) TIN(IV) PHOSraATE CATION EXCHANGER 
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INTRODUCTION 
As it has iDeen emphasised in chapter-II also, the 
synthesis of inorganic materials possessing ion exchange 
properties has received much attention (l). Out of the large 
number of materials prepared so far zirconium and tin based 
inorganic ion exchangers show high chemical and thermal stability 
(2-8), Also the phosphates and arsenates of tin and zirconium 
are found to possess good ion exchange capacity and reproduci-
bility in properties (9-i3). 
Since the mixed salts generally possess better ion 
exchange properties than the simple salts (1^) it is important 
to observe the properties of double salts. Majority of the 
substances studied so far in this series are those which consist 
of one cat ionic species and two anionic species. Only a veiy 
few salts produced by mixing two cationic and one anionic species 
(I5-I7) are reported in the literature. The present chapter 
therefore deals with the synthesis, ion exchange behaviour and 
characterization of zirconium(iv) tin(iv) phosphate, a thermally 
and chemically stable inorganic cation exchanger. This material 
has successfully been used for the quantitative column separation 
of the standard rock samples and also for some binary and 
ternarj' separations of metal ions. 
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E3CPERI MENTAL 
A. Reagents and Chemicals 
Zirconyl oxychloride (ZrOClg.SHgO) used in t h i s study-
was a product of E.Merck (Darmstadt), Trisodium orthophosphate 
(Na^P0jj^.l2H20) and stannic chloride (SnCl. .SHgO), were obtained 
from BDH, Poole (England), All reagents and chemicals used were 
of Analar grade. 
B. Standard Rock Samples 
The following rock samples were analysed-
i. Diahase (DNC-l). 
2 . Dunite (DTS-l). 
3 . Pe r id ido t i t e (Pcc - l ) . 
k. Gabhro (MRG-i). 
5 . Bauxite (BaH). 
6. Andesite (JA-2). 
C. Apparat us/lnstrument at ion 
The pH-metric, infrared, atomic absorption and x-ray 
s tudies were performed using the instruments as described in 
c h a p t e r - I I . Thermogravimetric analysis was done on a Per t in -
Elraer TGS-1 with the following experimental d e t a i l s : 
Heating r a t e - 10 K/min. 
Chart speed - 120 m.m/hr. 
Reference - Al-O-, Atmosphere - S t a t i c a i r 
Holder - Ceramic c ruc ib le . 
Gamma i r r a d i a t i o n studies were performed on Gamma 
Cell 220 (Canada). 
93 
D, Preparation of the solutions 
One molar stock solutions of zlrconyl oxychloride, 
trisoaiiiiii ortliophosphate and stannic chloride were prepared in 
demineralized water. Further dilution to the desired concentra-
tion was also made with JSi^i, 
S, Synthesis of ion exchange material 
A numher of samples of zirconiuiu(iv) tin(lV) phosphate 
were prepared hy mixing the solutions of zirconyl ox>'chloride, 
trisodium orthophosphate and stannic chloride in different 
volume and concentration ratios as given in ~al3le-3.1. The pH 
of the resulting gel was fixed in the range 0-2 hy adding 
1 H nitric acid with constant stirring. The gel thus obtained 
was kept for 2h hours at room temperature (r^-JO C) and filtered 
hy suction. The excess acid of the gel was removed hy washing 
it with DTH/ and the material was dried in an air oven at ^0 C. 
It was cracked into small granules by putting the material 
in D>n/. Tlie granules so obtained were of the uniform size, 
suitable for column operations. After cracking, the granules 
+ 
were converted into the H form by treating with 1 M HNO„ for 
2h hours with occasional shaking, intermittently replacing the 
supernatant liquid with a fresh acid. The naterial thus 
obtained was finally washed to remove the excess acid and dried 
c 
at ^5 C. It was now read}'' for further studies. Sample No. Z-'i 
was selected for the studios, on the basis of its Na -ion 
exchange capacity, appearance and apparent stability in acid 
9^ 
TABLE-3,1 
SY:^ TTHSSIS OF VARIOUS SA:IPL3S OF ZIRCOMILT>I(IV) Tiy(iv) PHOSPILITE 
AS A CATION EXHAlv^ GER 
+ 
Sample No. Concentration of Mixing Na -ion Nature 
nixing solutions ratios exchange 
(M) capacity 
Zr Sn Po^ (meq/dry g) 
Z-1 0.1 0.1 0.1 1:1:1 0.24 White gel 
Z-2 0.05 0,05 0.05 1:1:2 l.OO White gel 
Z-3 0.1 0.1 0.1 1:2:1 0.22 Powder 
Z-h 0.05 0.05 0.05 1:1:5 1.80 Gel 
Z-5 0.1 0.1 0.1 1:1:4 1.30 Gel 
Z-6 0.1 0.1 0.1 4:1:2 0.68 Gel 
95 
and tases. Several samples of the same conposltion were prepared 
following the sane procedure to check the reproduclhility of the 
material in its hehaviour. 
F, Ion exchange capacity (i«3,c>) 
Tlie ion exchange capacity was detemined by column 
process. One gram of the exchanger in H form of the uniform 
mesh size (72-100) was filled in a glass tuhe having internal 
diameter N..-N 1 cm and fitted with the glass wool at its hottom. 
250 ml of 1 M NaJ^ JO, solution was passed through the column 
maintaining a slow flow rate (^ -^ 0.5 ml/min.) and the efflient 
Was titrated against a standard (O.l M ) NaOH solution. Tlie 
+ 
Na ion exchange capacities of the various samples in term of 
the milliequivalent per dry gram are shown in Tahle-3.1. 
G, Effect of eluont concentration on the ion exchange cG->aclty 
250 ml portions of the NaNO_ solutions of varying 
concentrations (i.e. 0.2, 0,5, 0.8, 1.0, 1,2 M ) were passed 
through several columns each containing one gram of the 
exchanger in H form with a flow rate ^-^  0.5 ml/min. The H ions 
thus eluted out were titrated against a standard (O.l M ) NaOII 
solution, A maximum elution was observed with 1 M NaNO„ solution 
as sho^m in Figure-5.1. 
H. Elution behaviour 
Tlie column containing one gram exchanger in H form 
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flow ra te as above and several 10 ml f rac t ions of th3 effluent 
+ 
were co l lec ted . They were t i t r a t e d for the H ions released 
against a standard NaOH solu t ion . Figur9-3,2 shows a plot of 
+ 
the H ions released per 10 ml fract ion of the eff luent . 
I , Ion e::ichange capacity for different metal ions 
Ion e3:change capacity of the raaterial for different 
metal ions was also determined hy passing different metal ion 
solutions thi-ough the exchanger column in H form hy the method 
descrihed above. The r e s u l t s are shown in Tal)le-3,2. 
J . Thermal s tah lTi ty 
I t was studied hy heating the samples at different 
o 
elevated temperatures (100 to 800 C) separately for one hour 
each and determining the ion exchange capacity after cooling 
to the room temperature. The appearance of colours and percent 
retention in the ion exchange capacity of the material at these 
temperatures are shown in Table-5.3. 
K, Chemical stability 
To determine the extent of dissolution of the material 
in mineral and organic acids, alkalies and some salt solutions, 
250 mg of the samples wore treated with these chemicals for 
2^1 hours at room temperature. 
Tlic mixture was shalcen intermittently -to attain 
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S I . 
No. 
ION E:XCHANG:3 CAPACITY OF ZIRCONIUIVI(IV) T I N ( I Y ) PHOSPHATE 
FOR VARIOUS MBTAL SOLUTIONS 
1 1 
Metal solut ion Ion exchange capacity 
1 . L i C l 1.8^ 
2 . NaNO^ l .SO 
3 . KXO^ 1.9S 
4 . Cs>:o_ 1.5A 
5 . Ba(N0^)2 2 .20 
6 . S r ( N 0 . ) 2 1.72 
7 . Ca(N0^)2 1.7S 




EFF3CT OF HTilATING ON TIIS ION' E.XDHAyGlJ: CAPACITY Aim APPSARANC2 
OF ZIRC0:\ITO1(IV) TIN (IV) HIOSPIIATS 
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for the Z r ( l V ) , Sn(lV) and Po4 c o n t e n t s by the given methods. 
The r e s u l t s are shown in T a ' b l e - 3 . ^ . 
(a) Deterrainat ion of z i rconium; 5 ml of the superna tan t l i q u i d 
which i s in equ i l ib r ium with ZiiP-4 was evaporated t o dryness and 
the r e s i d u e was t aken i n 2-5 ml of O.lM HCl, followed by a 0,05^? 
a l c o h o l i c a l i z a r i n red-S (5 m l ) . The co lour so developed was 
d i l u t e d t o 25 ml in a s t andard vo lumet r i c f lask with DMT/ and the 
absorbance was measured a f t e r 15 minutes a t 510 mji, a g a i n s t a 
reagent blanL: (18 ) . 
(b) D e t e r c i n a t i o n of t i n ( i v ) i '^ vol of the superna tan t l i q u i d 
was hea t ed wi th 1 ml HpSO^ t o i t s fumes. Then i t was mixed with 
1 ml of 30 H^Og, 10 ml of the b u f f e r s o l u t i o n (pH 5) and 1 ml 
of f i l t e r e d fresh gum a r a b l e s o l u t i o n . To t h i s was added 10 ml 
of O.l^b a l c o h o l i c phenyl f lurone s o l u t i o n . Af te r 5 minutes 
i t was d i l u t e d t o 50 ml wi th 1:S hyd roch lo r i c ac id and absorbance 
was measured at 510 m^ ( I 9 ) . 
(c) Determinat ion of phosphorous; Phosphorous was determined 
as fo l lows; 
A t e a spoonful carbon b lack was added t o t h e sample 
s o l u t i o n (10 ml) followed by t h e 100 ml of 0.5 M NaHCO^ s o l u t i o n . 
The con ten t s of the f l a sk were shaken fo r 50 minutes on a 
mechanical shaker and then f i l t e r e d through a Whatman No. k2 
f i l t e r p a p e r . 15 ml of the f i l t r a t e were taken in a 25 ml 
vo lumet r i c f l a sk and 5 ml of the ammonium molybdatc s o l u t i o n 
(1 .5 g ammonium raolybdate + 100 ml of 5.2 N IICl + 5 ml of 
conc.IICl) were added t o i t . The s i de s of the f l a sk wero washed 
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ci-niMic. 
S o l u t i o n 
(25 n l ) 
1 M ECO-
2 M E ; 0 „ 
3 M E>0^ 
4 M KsO^ 
1 M EgSO^ 
2 M H^SO^ 
3 M H^SOj^ 
4 M HgSO^ 
1 M EClOj^ 
3 M HClOj^ 
k M HCIO, 
1 M CH-COOH 
3 M CH c o o n 




Z i r c o n i u m 
0 , 0 
0 . 0 
0 . 0 
0 .02 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 3 
0 . 1 9 
0 . 0 
0 . 0 
0 . 0 
TABLE-3 






V) TIN (IV) PnOSPIIAT3 
d i s s o l v e d i n rng 
a n n i c 
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d i s s o l v e d i n 
S t ann i c (Sn) 
0 .11 
0 . 3 ^ 
0.60 
2.30 
0 . 0 
0.50 
0 . 0 
0 . 0 
0 . 0 
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with distilled water and the solution was shaken thoroughly. One 
ml of SnClg solution (10 gm SnCl2.2 HgO dissolved in 25 ml cone. HCl 
diluted to 132 ml with water) was added and the volume was made upto 
the mark. The ahsorbance of the blue colour was recorded at 660 mtL 
against a "blank prepared in a similar manner (20), 
L. pH-titrations 
pH-titrations were performed hy the batch process using the 
method of Topp and Pepper (21). 500 mg of the exchanger in H form 
were placed in each of the several 250 ml conical flasks, followed 
by the equimolar solutions of alkali metal chlorides and their 
hydroxides in different volume ratios, the final volume being 50 ml 
to maintain the ionic strength constant (0,15 M)• The pH of the 
solution was recorded after 24 hours with intermittant shaking and 
plotted against the milliequivalents of the OH ions added. The 
results are shown in Figure-3.3. 
M, IR and X-ray studies 
The IR spectra of zirconium(iv) tin(iv) phosphate in 
+ 
H form taken by the KBr Disc method at room temperature are shown 
in Figure-3.4, The X-ray diffractogram indicates the poorly 
crystalline nature of the material (Fig, 3.7). The details of which 
are given below: 
Peak Peak Tip Peak Backgr. D l/l max Qual 
no. angle width Int. Int space (fc) 
1 19.9500 1.60 26 40 4.4469 100,00 1.32 
N, Thermograviraetric analysis 
The percent weight loss occurred in the sample on heating 
o 
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0, Chemical composition 
All the constituents of the material such as zirconiuni, 
tin and phosphate were determined "by atomic absorption 
spectroscopy. 
100 mg of the powdered sample was dissolved in a minimum 
amount of HF (conc.)» The solution was then evaporated in a 
tefflon beaker on an electric heater upto dryness and then 
diluted to 100 ml with demineralized water (DMW). The amount of 
zirconium(iv), tin(iv) and phosphorous were determined by using 
a pye unicam model Sp-2900 atomic absorption spectrophotometer. 
The molar composition of the material was found to be 
(Zr:Sn:Po^ = 5:2:2). 
p. Distribution studies 
250 mg of the exchanger in H form were shaken electri-
cally at 30 + 2 C for 4 hours in 25 ml of the metal solution in 
different media adjusting the initial metal ion concentration 
less than 3% of the total ion exchange capacity of the material. 
The metal ions in the solutions, before and after equilibrium 
were determined by EDTA (22) and the distribution coefficients 
(K^) were determined using the following formula 
^d == -p-^M'^l/s 
where I = I n i t i a l volume of the EDTA used 
Ill 
F = Final volume of the EDTA used 
V = Total volume of the solution (ml) 
M = Mass of the exchanger (g) . 
The K, values of several metal ions in some solvents 
a 
are sunnnarized in Tables-3.5 and 3.6. 
Q, Separations achieved 
(a) Synthetic mixtures: The 60-100 mesh sized particles of 
the exchanger (2 g) in H form were used for the column operation 
in a glass tube having an internal diameter of ^ -^ 0.6 cm. The 
column was washed thoroughly with DM!/ and the mixture to he 
separated was loaded on it, maintaining a flow rate ^ ^ 2-3 drops/ 
min. The separation was achieved hy passing a suitable solvent 
through the column, as eluent at a flow rate ^ ^0.5 ml/min. The 
solvents were selected on the basis of the K, values and the 
d 
individual elution curves of the metal ions. The important 
separations achieved on Zr(lV) tin(lV) phosphate are summarized in 
Table-3.7 and the corresponding elution curves are shown in 
Figures-3.8-3.11. 
(b) Separation of metals present in rock samples; One or two ml 
of the stock solution was evaporated to drjmess to remove the 
excess of acid. The residue was taken up in DM1/ (^ 5 ml) and 
the solution was loaded on the exchanger (2 g) in the column 
34' 4-2 
at a very slow rate. All the metal ions except Fe and Ni 
3+ 
were eluted out with O.IM HNO-. Fe was removed from the 


























































































CO en EH 
00 O 
C^ • 











o i n 
m i n i n 
o . r - <M 
o o i n 
CN CO 0 0 















c \ i n i n 
CO r^ r^ 







































































c, ^ o 





























00 •< CO 
r ^ EH VO 













CO i n 



































o i n 
•H 
-35 
FH o • 
O 
O 




Cl O ^ 
o • 00 
i n O -sf 
O O O 
Cl i n O 
t^ r- o 

























































Cl ^'^ m VO CO 0\ o 
•H 
Cl tn ^ 











































































































^ CJ O 






















CO a cc 
vo 

























C3 & ^ ^ ^ ^ 3 O O 13 t! o :?: 
CM tn in vo CO c ^ o 
•H 
I 















































i o 2 




















OJ ^<^ r * TH 
i n TH i n ci 





































i n i n ^ 
i n CO VO 




























































































































































































o i n o r>-
o 
vo 






















o j ^ ir\ 4* 

















































c 00 o 
<• o -c 




























































































































































































































































c o E > 
O r-J 




• ^ " H Ei, 
t^ 52; 
II 11 










r-( O O CJ 










k i i 
































a ^ i j -p o 
3 -p o r "3 '-^ 
rH O rH CO i-l 
O *H -p O O E 
>• o m m r-i ^-^ 
o tn ^ '-' ^ ^ P-f-V 
o B CO 
o CO a 

















CD - H 
^ ' - N ^ - V - S - H 
• C» T H O CJN 
CX3 • • vo • 
t^<r r^ • cj 
t^ in in.o <7\ 
^ • • ^ ^ - • ' ^ • - ^ ^ " • * ^ > « ^ 
•H MCO C iH 













































CO t o 
• i n 
^ • 
r- oi 
fl> f i 
fe :z; 
Ci tn-H«—»in 
• • • •H • 
m i n i n i n ^ 
r -^O-H »CD 
<J< -H -H -H -H 
V.^s«M^>«i.«'SM^«ta^,^ 











































>H T H 
1 + 
a> T 1 
fe 525 









• ' 00 T H ^ 
^ O^C^ r^-O 
© • : ? • • • 
OJ Ol O O -H 
S . . . ^ ^ . ^ ^ ^ ^ ^ V . ^ ^ N M ^ 
n^ bflCO C r -















































O f l 
fc 55 




•H t n 




/'~«^~«^'~s CJ CJ 
vo 00 -H to T-: 
O o% • • • 
^ r •Jf OJ T-l CJ 
- N l , ^ - > ^ l _ > - 0 ~ » ^ " » _ ^ 
^ W) CO C H 








































































































o <D 03 "H 
E J= Jd +J 
3 -P C3 S 
f-4 O IH 
O V l 4 J O 




. . "-^  >» 
c E « 
O CO J3 


























i n cj 
a; -H 
i n .-% 
















• • c^ OJ i n 
C^c^ C30 v o ^ 
O T H • • • 
CJ CJ CJ O ^ 















•H o c r \ W ^ 
Cl ^ . • • 
^ ^ m cq r-


































ON • " O • 
o\oo in • tn 




















C^ CJ i n / - ^ 0 
• • • O -H 
CI VO CO CO • 
C M n ^ • v o 
t^>-H -H -H 00 










































































u c k l CO 






^ - O 
a ix; 'A 
CM 
<H ;S - -

















































id -p a> 
O 3 
o 
o en en 
C3 
o B 






























VD i n 




C0^-~ ' -v - s tO 
O i n o ir\ • 
• ( » -:r CO ^ 
^ • • • i n 





























^ o in. ' -* • 
• t n i n -H r -
CT\ • • • O 
vx)vo r^cM i n 
•H bO CO n rH 






















: . i 
• cr, in CM ca 
^ • • i->. • 
00 (T\tn ' i ^ 
CM t n t n o i > 



















• CM vo o • 
vo • • CTi.:!' 
vochi^ ' i n 
in r^ vo TH -H 







































<-001MHN03 -^ll-^ 0-1MHN03->l 
Mg(rD '^ ^^^^^^ 
Z,0 80 120 160 0 40 80 120 160 180 
<-G-G1MHN03^ 1 KOIMHNO^I 
Sr(II) 
-tOOlMHNOr 
P b ( I I ) 
6 
2 
z;o 80 120 160 0 ko 80 120 160 180 
> Volume of eff lueni (ml) 
Fig. 3-8 SEPARATION OF Mg(ri)-Ba(II), Mg(II)-Ca(II),Mg(n)-Sr(n) 
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sunnnarizes the results. The quantitative determination of 
the elements was done by atomic ahsorption spectrophotometer. 
R, Effect of -irradiation on the ion exchange material 
Zirconium(IV) tin(lV) phosphate in H form was irradiated 
fin 
hy the gamma rays at a dose rate of O.^I rads/hour using CQ as 
a source and FeSO. as a dosimeter to give the total dose as 
7 
6,3 X 10 rads. The changes in 1 
material are given in Table-3.9. 
the various properties of the 
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TABL3-3.9 
EFF3CT OF IRRADIATION ON CSRTAI.\' TinsICJX AND ION E:XC1IAMG3 
PR0P3UTI2S OF 2 I R C 0 N I U M ( I V ) T r J ( l V ) PE0SP1UT3 
S I . I on exchctige p r o p e r t y 
N o . 
O b s e r v a t i o n 
1 . Apnea rance 
2 . C o l o u r 
G r a i n s i z e 
4 . Ion exchange capacitj^ 
5. pH t i t r a t i o n 
6. Dis t r ibut ion behaviour 
(Some rare earth metal ions) 








8. IR & X-ray diffraction No change 
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DISCUSSION 
ZirconiuG3(lv) tin(iv) phosphate prepared in these studies 
has shovn a higher cation exchange capacity in general as compared 
to the other materials of this class. It has illustrated a higher 
reproducibility in its ion exchange hehaviour and as the results 
show it also appears to have a higher chemical stability in acids 
and alkalies. 
The most striking feature is however its extraordinary 
thermal stability (Table-3.3) when the material is heated at 
various temperatures ranging from h^ C to 800 C for one hour each. 
o 
it shows a iOOfS retention in its ion exchange capacity upto 200 C 
which it loses slowly retaining'—^52^ upto ^00 C and 22fo upto 
o 
800 C. Tliis type of the behaviour is probably the unique in 
this material, 
Tlie pH titration curves (Figure-5.5) for alkali metals 
indicate an expected bifunctional behaviour of the exchanger 
+ 
except for K ions for which a monofunctional behaviour is 
observed. It shows a maximum adsorption for Li ions because of 
its highest hydratcd ionic radii (Li aq.) = 3.kA , Na (aq.) = 
2.76A and K (aq.) = 2.52A ). However, there is not a much 
+ + 
difference in the adsorption behaviour for Na and K xons. 
Composition studies indicate the mole ratio of Zr, Sn 
and POr in the material as 5J2:2 which point to a tentative 
structure given below: 
^5 ZrOg.a Sn02.2 H^PO^.nHgO) 
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In the TGA curve (Figure-5.5) a 11.5^ weight loss is 
o 
observed in the material upto I50 C, If this loss in weight 
is considered to "be due to the loss of external water molecules 
at this temperature, the value of these molecules per molecule 
of the exchanger can he calculated according to Alherti's 
formula (23) 
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where X is the fo weight loss (11.55^ ) in the exchanger on heating 
upto the inflection temperature; M = molecular weight of the 
material minus the external water molecules. The value of 'n' 
o 
then comes out to he>-^8, A further weight loss beyond I50 C 
may "be due to the condensation process taking place and seems 
o 
to he complete at 620 C, 
o 
A sharp endothermic peak at 150 C in the DTA cui-ve 
(Figure-5»6) confirms the presence of these external water 
molecules in the material. 
The IR spectra (Figure-5.4) show several shai-p peaks at 
_1 
frequencies ^—v 400, ^ -^500, ^ -^1050, --^1650 cm , Tlie peaks observed 
at ^-^  400 and 500 cm are indicative of the metal-oxygen 
stretching vibrations (24) while the one appeared at-—vIO5O cm 
is duo to the presence of POj^  , HPO^ ^ and HgPO^ (25), The 
presence of water of crystallization is indicated by the peaks 
at ^-^1650 cm" and^ --N3500 cm" . The peak at\.^ -vl650 cm" is also 
indicative of the strong hydrogen bonded Oil or extremely 
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strongly coordinated HgO (26). 
The irradiation studies reveal that the material is 
highly resistant to gamma radiations (Tal)le-3.9). The material 
shows\-^5»55/J loss in its i.e.c. It is very small as compared 
to the loss experienced by the organic resins which is about l^fo 
(27). pH-titration curves, I.n. spectra, x-ray diffraction and 
TGA curve don't indicate any significant structural changes after 
7 
irradiation even upto the total dose of 6,3 x 10 rads. 
The x-ray diffraction pattern (Figure-3.7) reveals that 
the material is poorly crystalline, the details of which are 
given in the experimental part of this chapter. 
K, values of some metal ions determined in various mineral 
a 
acids and In DMW show an interesting feature of Zr(lV) Sn(lV) 
phosphate as summarized in Tahle-3.5. This material has a maximum 
selectivity for Ni(ll), Cu(ll), Fe(lll) and Pl)(ll) in different 
solvent systems. The utility of the material has successfully 
been demonstrated by achieving a number of useful binary as well 
as ternary separations of metal ions on its column. Thus, 
Zr(lV) Sn(lV) phosphate has been utilized for the separations of 
Mg(ll)-Ca(ll), Mg(ll)-Sr(ll), Mg(ll)-Ba(ll), Mg(ll)-Pb(ll), 
Mg(ll)-Ni(ll), Mg(ll)-Zn(ll), Pb(ll)-Ni(ll), Mn(ll)-Ni(Xl), 
Cu(ll)-Ni(ll), Fe(lll)-Ni(ll), Fe (Ill)-Cu(ll), Fe (lll)-?b(ll), 
Mg(ll)-Pb(ll)-Ni(ll) and Pb(ll)-Mn(ll)-Ni(ll). Table-3.7 and 
Figures-3.8-3.11 show the details and salient features of 
these separations. 
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DistrilJution studies of some rare earth metal ions in 
DMl^ , HNO- and HCIO. solvent systems have also "been performed on 
this materia! 
(Table-3.6). 
l which do not show much difference in their K, values 
a 
The material has also "been utilized in the analysis of 
rock samples, Ta'ble-3.8 shows the results obtained. 
The ion exchange capacity of ZrSnP for various metal 
solutions is illustrated in Ta'ble-5.2, It indicates that the 
capacity does not vary much with the charge on the metal ion 
2+ 2+ 
except for Ba and Mg ions which show a greater adsorption on 
the material, Hydrated radii of the alkaline earths and the 
solubility of their phosphates may he responsible for this 
variation in their i.e.c, on a material having a phosphate 
matrix. They may have a combined effect on the adsorption of 
alkaline earths on the material. 
A study of its elution behaviour suggests that the 
exchange is fast and almost all of the H ions are eluted out 
in the first 150 ml of the effluent from a column of one gram 
exchanger (Figure-3.2), The concentration curve indicates the 
optimum concentration of the eluant for a complete elution of 
the H ions from the column of the ion exchanger. It is found 
to be IM for the NaNO, solution. 
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C H A P T E R - IV 
INORGANIC ION SJCHANGERS AS ADSORB-SNTS IN THE 
PLANAR CHROMATOGRAPHY OF METAL IONS 
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INTRODUCTION 
Planar chromatography is a form of a two dimensional 
liquid-liquid partition chromatography in which the sample 
distributes between the stationary and mobile phases. It is very 
simple type of chromatography that is used widely for qualitative 
identification, although quantitative analysis can be done. It 
can be divided into paper and thin layer chromatography. In paper 
chromatography a sample is spotted onto a strip of filter paper 
with a micropipete and the chromatogram is developed by placing a 
bottom of the paper (but not the sample spot) in a suitable solvent. 
Following the developments the individual solute spots are noted and 
made visible by treatment with a reagent that forms a coloured 
derivatives. The spots will generally move at a certain fraction 
of the rate at which the solvent moves and thej'- are characterized 
by the R^ values, 
distance solute moves 
R ^
 distance solvent front moves 
A principal advantage of this technique is that a greater 
separating power can be achieved by using two dimensional paper 
chromatography which is generally required for complex mixture 
such as protein hydrolysates. Almost any mixture of organic 
compounds can be separated. It is useful for the separation of 
very small amounts of substances and proved extremely valuable 
in Biochemistry where small and complex samples are often found. 
Simple mixture of amino acids can be separated by developing 
with water and saturated phenol. In clinical laboratories 
paper chromatography has successfully been used for the simple 
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inexpensive screening of abnormalities of amino acid excration. 
The results of the use of this method for more than 800 peadria-
tric and adult renal patients were surveyed (l). Metal ions 
were chromatographed on EDTA treated papers (2), Zr(lV) molyhdate 
(3) and antiraonate (4) papers and papers impregnated with 
triphenyl phosphine oxide (5). The R- values of 78 Co (III) and 
Ft (11) complexes were determined hy using paper chromatography 
with solvent systems containing phenols (6), R- values of metal -
DMSO complexes were given for paper chromatography with 12 solvent 
systems (7). The P.O. of 28 phenols in solvent systems containing 
ionic surfactants was studied (8), Impregnated papers of 
inorganic ion exchangers have heen used for the separation of 
metal ions in these laboratories (9,10). 
Thin layer chromatography (TLC) is very similar to paper 
chromatography except that the stationary phase is a thin layer 
of finely divided adsorbent supported on a glass or aluminium 
plate, plastic strips and so on. Any of the solids used in 
column chromatography can be used provided a suitable binder can 
be found for good adherence to the plate. Stationary phase 
consists of a finely divided powder (particle size 5 to 50 jum). 
It can be an adsorbent, an ion exchanger or molecular sieve 
or it can serve as the support for a liquid film. An aqueous 
slurry of the powder is prepared usually with a binder such as 
plaster of paris, gypsum or poly vinyl alcohol to help it 
adhere to the backing material. 
Among the most commercially used stationary phases as 
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adsorljents, silica gel, alumina and powdered cellulose are the 
most popular. Silica gel particles contain hydroacy groups on 
their surface which will hydrogen "bond with polar molecules. 
Adsorbed water prevents other polar molecules from reaching the 
surface. So the gel is activated Ijy heating to remove the 
adsorbed water. Alumina also contains hydroxyl groups or oxygen 
atoms. Alumina is preferred for the separation of weakly polar 
compounds "but silica gel is preferred for polar compound such as 
amino acids and sugars. Magnisium silicate, calcium silicate 
and activated charcoal may also he used as adsorbents. 
The detection of spots in TLC is somehow easier than in 
PC because more universal technique can be used. Frequently 
colourless or non-fluorescent spots can be visualized by 
exposing the developed plate to iodine vapour. The iodine 
vapour interacts with sample components either chemically or by 
solubility to produce a colour. A common technique for organic 
compounds is spraying the plate with sulfuric acid solution and 
then heating to char the compounds and develop black spots. 
Thin layer chromatography continues to be widely 
applicable as a simple and inexpensive method of separation and 
qualitative analysis, as a preparative method on thicker layers 
for accurate and precise quantitative densitometric analysis 
and as a scountlng technique for column liquid chromatography. 
There is an increased awareness among scientists in a variety of 
fields of the many advantages of TLC. It has a complimentary 
rather than a competitive position relative to column LC and GC 
13^ 
and gives a truly quantitative results that can be obtained with 
modern layers and instrumentation and optimized technique. Silica 
gel TLC allows rapid identification of homocysteia and cystein 
in mixtures as their fluorescent thialyte derivatives (H). 
Apart froa the various thin layers of different materials 
used for chromatographic studies, the layers of inorganic ion 
exchangers have also been applied to the separation of certain 
metal ions amines, amino acids, alkaloides, ores and alloys 
(3,12-19). 
Zubin and Rollins (20) used probably for the first time 
zirconium phosphate and zirconium oxide for the separation of 
metal ions. Other workers have also used inorganic ion exchange 
materials in thin layer chromatography (21-3^). 
Peak paper chromatography based on the use of papers 
impregnated with sparingly soluble compounds, is a new approach 
in this direction and the technique was first developed by 
researchers of Lonsovet Leningrad Technological Institute (35). 
So far the insoluble materials like AgCl, Ag20 (36,37), iron 
diethyl dithio carbamate (38) etc, have been utilized in this 
technique. In order to explore the possibility of using inorganic 
ion exchangers, the following pages sumraarizo the peak paper 
chromatographic studies for the determination of Ni(ll) and Co(ll) 
ions on papers impregnated with Cr(lll) arsenosilicate and Sn(iv) 
arsenosilicate cation exchangers. The presence of an ion exchange 
material on paper as impregnant should give an added advantage 
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due to its ion exchange Ijehaviour in addition to the adsorptive 
properties. 
This chapter encompasses the two approaches of planar 
chromatographic studies, namely the conventional paper and 
thin layer chromatography and the new peak paper chromatography 
of metal ions. Hence it is subdivided into two parts as follows: 
(A) Thin Layer and Paper Chromatography of Metal Ions using 
Nicotine as a developer at different pH values. 
(B) Peak Paper Chromatography of Metal Ions, 
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SECTION - A 
THIN LAYER AND PAPER CHROMATOGRAPHY OF METAL IONS. USING NICOTINE 
AS A DEVELOPER AT DIFFERENT pH VALUES 
EXPERIMENTAL 
Apparatus 
Thin layer chromatography (TLC) applicator of N/S Toshniwal 
(India) was used to prepare the thin layers. The TLC plates and 
paper strips were developed in glass jars (25 s 5 cm). Paper 
chromatographic studies were performed on Whatman No. 1 paper strips 
of the size 20 x 2.5 cm in the glass jars mentioned above. Spots 
were applied with the help of a micropipette. 
Reagents and Chemicals 
All reagents and chemicals used were of Analar grade. 
Preparation of the Ion Exchange Materials 
Cr(lll) arsenosilicate (CAS), Sn(iv) arsenosilicate (TAS) 
and Sh(v) arsenophosphate (AAP) were prepared hy the following 
methods: 
Sn(iv) arsenosilicate (TAS); Solutions of sodium meta-silicate, 
disodium hydrogen arsenate and stannic chloride were mixed in a 
volume ratio of 1:1:1 and pE of the gel produced was set at v-^  1 
with HNO . The gel was then kept at room temperature for 2h hours 
and filtered. After washing with demincralized water (DMW) several 
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times to remove excess reagents, the gel was dried at 45 C and was 
placed in water to crack it into small granules. After further 
washing with DW to a pH 6-7, the granules were placed in IM ENO, 
+ 
for 2k hours to convert them into the E form. After removing the 
o 
excess acid they were dried at 45 C (39). 
Cr(lll) arsenosilicate (CAS): Deciraolar solutions of chroraiun 
nitrate Cr(NO ) .9H 0, disodium hydrogen arsenate (Na2HAs0^.7H20), 
and sodium meta silicate (Na^SiO^.SHgO) were mixed in a volume 
ratio (2:1:1) with stirring and pH was adjusted to^-^l. The gel 
was allowed to stand overnight, filtered and washed to remove the 
excess acids. It was dried at hO C and converted into the H form 
by keeping in IM HNO_ for 24 hours. Finally, it was washed several 
times with demineralized water till the effluent became neutral (40) 
Sb(v) arsenophosphate (AAP); Decimolar solutions of antimony 
pentachloride (SbCl-) prepared in 4M HCl, disodium hydrogen arsenate 
(Na2H.A.sOj^ .7H20) and disodium hydrogenphosphate (NagHPO^) were mixed 
in the volume ratio 3:1:1 and the pH was fixed to -^ 1^ by adding 
ammonium hydroxide (NH.OH) with constant stirring. The gel was 
allowed to stand overnight, filtered and washed to remove the excess 
acids. It was dried at 40 C and converted into the H form by 
keeping in IM ENO„ for 24 hours. Finally, it was washed several 
times with demineralized water till the effluent became neutral (41). 
Preparation of Thin Layers: The inorganic ion exchanger prepared 
as above was powdered and slurried with a little demineralized 
water. The slurry was then spread over the glass plates using an 
138 
applicator to prepare thin layers of 0.1 nna thickness and the plates 
were dried at room tenperature hefore use. 
Preparation of impregnated papers: 
Sn(iv) Arsenosilicate Papers; Paper strips of the size 20 x 2,5 cm. 
ohtained from V/hatman No, 1 filter sheet, were dipped in the decimolar 
solutions of stannic chloride (SnClJ^). After one minute, these 
strips were passed through the decimolar solutions of disodium 
hydrogen arsenate (NaJSAsO. .THgO) and sodium metasilicate (Na2SiO„.5H2( 
before drying at room temperature. 
Cr(lll) Arsenosilicate Papers; These papers were prepared in the sane 
way as ahove hy talcing chromium nitrate instead of stannic chloride. 
ShCv) Arsenophosphate Papers; Papers impregnated with ShCv) arseno-
phosphate were prepared by using decimolar solutions of antimony 
pentachloride (ShCl-) (in ^ I HCl), disodium hydrogen arsenate 
(NagHAsO..VHgO) and disodium hydrogen phosphate (NagHPO.) as 
described above for the Sn(lV) and Cr(lll) arsenosilicate papers. 
Test Solutions and Detection Reagents; Decimolar solutions were 
prepared of the following metal ions by dissolving their nitrates 
or chlorides in water with a little of the corresponding mineral 
acids to prevent hydrolysis. 
« 5+ ., 2+ „ 3+ ^ 2+ ,^.2+ ^2+ „ 2+ „ ,2+ _., 2+ „ 2+ Cr"^  , Mn , Fe-^  , Co , Ni , Cu , Zn , Cd , Pb , Hg , 
Detection was made by the following reagents for the metal ions 
noted in paranthesis against each: 
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P + Ou, ^ i 
Aluminon: (Zn , Mn , Cr ) 
2+ 2+ 
Dimethyl glyoxime: (Ni , Co ) 
P+ P+ P4" 
Yellow araraoniuin sulphide: (Cd , Ph » Hg ) 
Potassium ferrocyanide: (Cu , Fe ), 
Solvent Systems 
Various solvent systems were prepared hy mixing 10 ml of I'yo 
aqueous nicotine solution with 5 ml of the different buffers. To 
obtain the buffers of required pH values following amounts of 
0.2N NaOH were poured into a 100 ml mixture containing 0,04 moles 
each of the phosphoric, acetic and boric acids (42). 
NaOH 0 . 0 25.0 
pH 1.81 4 .10 









Test solutions Mere applied on the impregnated papers or 
thin-layer plates with the help of a fine capillary. After drying 
the spots the papers/thin layers were developed in glass jars 
containing the solvent systems by the ascending technique. The 
solvent run was fixed upto a distance of 10 cm from the point of 
application. The results are shown in figures-4.1 (Paper 
chromatography), 4,2 (Thin layer chromatography) and in the 
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The results show some interesting features of the present 
studies. The factors responsible for the movement of metal ions 
on impregnated papers and thin layers may "be summarized as follows: 
( l) Interaction of the developer with metal ions, 
( II) Interaction of the metal ions with the matrices of the 
adsorbents, 
(III) pH of the developer, 
( IV) The charge on the metal ions, 
( V) The hydrated ionic radii of the metal ions. 
In the light of the above, Figure-^,i shows the effect of 
pH on the movement of metal ions in nicotine solutions on plain 
as well as the impregnated papers. On plain papers the movenent 
is generally higher than on the impregnated papers and it does not 
appear to be affected appreciably by the variation of pH. On 
2+ impregnated papers Cu is retained on CAS and TAB, It may be 
due to the high selectivity of arsenosilicate matrix for this metal 
2+ ion. A greater movement of Cu on AAP paper may be due to a 
^ 2+ 2+ 
lesser selectivity of arsenophosphate for Cu ions. The Cu 
Nicotine complex may be adsorbed differently on TAS and AAP. The 
2+ 3+ 2+ 
same behaviour is observed for the Mn and Cr ions. Co is 
retained only on CAS while it moves on TAS and AAP papers. This 
2+ 
may bo due to the fact that CAS is highly selective for Co as 
2+ 
compared to the TAS and AAP, Zn also behaves the same way, 
Fe-^ * is retained on TAS paper while it moves on CAS and AAP 
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3+ 
papers. Fe arsenosilicate has a higher soluhility than the 
tin(iv) arsenosilicate while its solubility is less as corapared to 
the Cr(III) arsenosilicate as verified experimentally. Ni , Cd 
2+ 
and Hg also reflect this type of the behaviour. 
2+ 
Pb is retained on all the impregnated papers, perhaps 
due to a high selectivity of each of the CAS, TAS and AAP towards 
2+ 
Pb ions owing to the formation of insoluble lead arsenate. 
As is evident from Figure 4,2 (thin layers of CAS, TAS and 
X 2+ 2+ 
AAP), all the metal ions except Cu and Pb show maximum movement 
on CAS and TAS. This may be due to the insoluble silicates formed 
on the matrix by these metal ions. Pb-phosphate is more insoluble 
2+ than the Cu-phosphate as the Cu shows R. value approximately 0.40 
2+ 
on AAP thin layers while Pb Is retained. 
As these studies suggest the ion exchange properties of the 
materials also play a significant role on the movement of metal ions. 
p4> Ox ?4* ^4" 
For instance Cu , Zn , Mn and Co show R values YQry low or 
3+ 2+ 2+ 2+ 
zero on CAS. Similar behaviour is shown by Fe , Hg , Ca , Ni , 
2+ "5+ Mn and Cr on TAS, The Ion exchange capacity of CAS and TAS 
for these metal ions is found to be quite high. 
Based on such observations, some important binary separations 
of metal ions have been achieved on thin layers of these materials 
as listed in Table-'i.3, 
±k6 
TABLE-it. 3 
SOME SEPARATIONS OF METAL IONS ACHIEVED ON THIN-LAYERS 
OF TAS AND CAS 
I I 
T h i n - l a y e r m a t e r i a l pH S e p a r a t i o n s a c h i e v e d 
(Rf) 
S n ( i v ) a r s e n o s i l i c a t e Fe^"^ (O.OO) — Ni^* ( 0 . 8 0 ) 
- d o - Cu^ "*" ( 0 . 0 0 ) — Zn^* ( 0 . 8 5 ) 
- d o - 8 Cu^* (O.OO) — Ni^* ( 0 . 7 0 ) 
C r ( l l l ) a r s e n o s i l i c a t e Fe^"*" ( 0 . 0 0 ) — Eg^ "*" ( 0 . 8 0 ) 
- d o - 10 Ph^"^ (O.OO) — Ni""^ ( 0 . 6 0 ) 
- d o - Fb "^*" (O.OO) — Hg^"^ (O.SO) 
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SECTION - B 
PSAK PAPSR CHROMATOGRAPHY OF METAL IONS 
EXPERIMENTAL 
Apparatus, reagents & chemicals, test solutions & detection 
reagents and "buffer solutions were same as described in Section-A 
of this chapter. 
Preparation of Impregnated Papers 
Paper strips of the size mentioned in Section-A were dipped 
for 30 seconds in aqueous solutions of stannic chloride (SnCl..SHgO) 
or chromium nitrate (CrN0-)_.9H20)J of different concentrations 
(IfS, 2% and 3%) • After about 2 minutes of drying in air the strips 
were dipped in the aqueous solutions of disodium hydrogen arsenate 
(NagHAsO..THgO) and then in the aqueous solutions of sodium meta-
silicate (Na2SiO-.5H20) of the similar concentrations for 30 seconds 
each before washing in water and drying in air finally. This 
treatment gives the impregnated paper strips of the two inorganic 
ion exchangers i.e. Stannic arsenosilicate (SAS) and chromium 
arsenosilicate (CAS) which may be designated as SAS-1, SAS-2, SAS-3, 
CAS-1, CAS-2 and CAS-3 corresponding to the three different 
concentrations of the mixing solutions. The total amount of the 
ion exchanger deposited on the paper strip was determined by 
weighing a definite number of the plain and impregnated strips and 
dividing their difference by the number of strips. This amount 
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for the different papers is given below: 









One microlitre of the metal ions solution to be studied 
was applied on the plain and impregnated papers as usual with the 
help of a micropipette, The development was made by the ascending 
technique in glass jars containing buffer solutions, the total 
ascent being maintained as 10 cm. Detection of the spots was then 
made by spraying the detection reagents on the paper strips. Good 
peaks were obtained only forNi(ll) andCo(ll) ions on impregnated 
papers. 
Quantitation 
Peak heights obtained for Ni(ll) andCo(ll) were found 
to be directly proportional to the amount of the metal ions 
loaded (a), the amount of the ion exchanger deposited on the paper 
( U ) , and the area of the spot formed at the deposition of the 
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metal ions ( s ) . The r e s u l t s are summarized in the Figures-4.3-4.11 
and in the Tal)les-4.A-4.9. These ohservations point to the 
following expressions: 
h = LJ^ i -E l . . . (i) 
Where k is the proportionality constant. The expression is 
identical to the one reported earlier (35) for the paper strips 
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These studies point out that the inorganic ion exchangers, 
when used as adsorbents in the peak paper chrotnatographic studies 
of metal ions form well defined peaks with some selective metal 
ions. Further, the peak areas are proportional to the metal ion 
concentration applied. However, the effect of pH has not heen 
found to he significant. Out of the common metal ions like Cr(lll), 
Fe(lll), Mn(ll), Co(ll), Ni(ll), Cu(ll), Zn(ll), Cd(ll), Ph(ll) and 
Hg(ll) spotted on plain and impregnated papers only Ni(ll) and 
Co(II) gave the well defined peaks on CAS and SAS papers. The 
concentration range for the satisfactory results was found to he 
O.IM to l.OM. Below and above these concentrations of Ni(ll) and 
Co(ll), the peaks were not clear. Also, at the low pH values 
(2 and h) the peaks were rarely formed. Another interesting point 
regarding the formation of peak is the effectiveness of the ion 
exchange material loaded. Experimental observations show that 
more than "3% of the material loading was not effective for the 
formation of peaks. 
As shown in Plgures-4.3 to ^.5 straight lines are obtained 
when the peak area is plotted against the concentration of the 
metal ions thus predicting a proportionately relation between the 
area under the peak and concentration of metal ions. The 
proportionality constant (K) was calculated by apnlying equation 
(l). Nearly constant values of K (as shown in Tables-^.8 and h»9) 
Justifj' the validity of the results in the metal ion concentration 
range 0.1 <1.0M. 
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